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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a method ol and apparatus 5 
for monitoring partial discharge activity in an insulating 
medium. 

Partial discharges occur in insulating media such 
as the insulation ot electrical cables, where an en- 
trapped void of another material (usually a gas) is 
present in the medium. The presence of the void causes 
a disturbance in the electric field distribution in the insu- 
lating material, with the effect that electrical breakdown 
of the void can occur independently of the breakdown 
of the insulating material as a whole. The resulting local 
flashover or discharge is referred to as a partial dis- 
charge. This effect is largely capacitive in nature, and 
partial discharges typically occur in alternating current 
electrical distribution systems where the applied voltag- 
es are sufficiently high to cause a problem. 

Prolonged and/or excessive partial discharge activ- 
ity in an insulating medium will tend to cause eventual 
degradation and failure Of the insulation. Thus, it is de- 
sirable to monitor partial discharge activity to provide an 
early warning of possible insulation failure. Convention- 
al equipment for measuring partial discharges is illus- 
trated in Figure 1 of the drawings. The equipment is con- 
nected to an AC mains source and comprises a variac 
1 which controls the input voltage to a step-up power 
transformer 2. The secondary winding of the step-up 
transformer 2 is connected in series with a sample 3 to 
be measured, a partial discharge-free inductance 4 and 
a measuring impedance 5. A standard capacitor 6 is 
connected in parallel with the sample 3 and the meas- 
uring impedance 5. The capacitor 6 provides a return 
path for current at pulse frequencies, while the induct- 
ance blocks high frequencies. 

The measuring impedance 5 is typically a medium 
frequency RLC resonant circuit which has the effect of 
extending the duration of the partial discharge wave- 
form, making it more easily measurable. An oscillo- 
scope 7 is fed with a signal corresponding to the low 
frequency exciting waveform as well as a phase-shifted 
version thereof, to produce a Lissajou figure on its 
screen, with the voltage measured across the measur- 
ing impedance 5 superimposed on it. This allows a 
rough impression to be gained of the timing of the partial 
discharge relative to the exciting waveform. The height 
(voltage) of the partial discharge pulses corresponds to 
the charge transferred, allowing the intensity of the puls- 
es to be calculated. 

In practice, accurate measurement of such partial 
discharges is difficult, due to the very small magnitude 
of the partial discharges (typically several pico cou- 
lombs). This creates problems in terms of the sensitivity 
and signal to noise capabilities of measuring equipment. 
Furthermore, the timing of the partial discharges tends 
to be somewhat random. By this is meant that the timing 



variation (timing jitter) of successive partial discharges 
of respective voids is likely to be several orders of mag- 
nitude greater than the length of each partial discharge 
event. This makes digital auto-correlation techniques, 
in particular, very difficult. A further problem arises from 
the extremely high frequencies ot the partial discharge 
pulses. Since it is usually desirable to digitise the partial 
discharge waveforms for analysis, the combination of 
timing jitter and the presence of very high frequency 
components in the partial discharge pulses requires the 
use of extremely high speed digitisation equipment with 
attendant problems of expense and excessive memory 
requirements. The greater the timing jitter of the partial 
discharge pulses, the larger must be the capture "win- 
dow" of the digitisation apparatus, which requires a pro- 
portional increase in memory. 

The reader may be further enlightened as to the na- 
ture of the prior art by reference to the Journal of Applied 
Physics, vol. 62, 01/11/67, pages 3605-3615, "Break- 
down Model of a Plane-Parallel Gap. 

SUMMARY OF THE INVENTION 

Accordingly the present invention provides a meth- 
od of initiating a partial discharge in accordance with 
claim 1. 

The exiting waveform is preferably a relatively low 
frequency waveform. 

Preferably the trigger pulse has a short duration rel- 
ative to the period of the exciting waveform. 

Typically, the frequency of the exciting waveform is 
in the range 0,1 to 100 Hz, while the duration of the trig- 
ger pulse is preferably less than 5 us. 

The trigger pulse may be a step or impulse wave- 
form, with a rise time less than 500 ns. 

Preferably, the amplitude of the exciting waveform 
is sufficiently great to precipitate partial discharge activ- 
ity in the sample independently of the trigger pulse, the 
trigger pulse being initiated when the magnitude of the 
exciting waveform approaches the nominal breakdown 
voltage of a partial discharge site. 

The invention extends to a method of monitoring 
partial discharge activity comprising initiating a partial 
discharge according to the method defined above, and 
monitoring at least one parameter of the partial dis- 
charge. 

The method of monitoring the partial discharge ac- 
tivity may comprise generating a trigger signal which is 
synchronised with the trigger pulse and which occurs 
prior to the trigger pulse, applying the trigger signal to a 
trigger input of an oscilloscope, and monitoring the par- 
tial discharge waveform on the oscilloscope. 

Further according to the present invention there is 
provided apparatus for initiating a partial discharge in 
an insulating medium according to claim 11. 

The waveform generator means may comprise a 
transformer connected to an AC mains source, or a var- 
iable frequency signal generator. 
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The apparatus may include second waveform gen- 
erator means for generating a the trigger pulse, and cou- 
pling means tor superimposing the trigger pulse on the 
exciting waveform. 

The second waveform generator means is prefera- 
bly adapted to generate a trigger pulse having a duration 
of less than 5 jxs. 

The trigger pulse may be a step or impulse wave- 
form, and preferably has a rise time less than 500 ns. 

The amplitude of the trigger pulse is preferably be- 
tween 5% and 25% of the amplitude of the exciting 
waveform. 

The second waveform generator means may be ad- 
justable to generate the trigger pulse a predetermined 
time after a zero crossing of the exciting waveform. 

The exciting waveform may be sinusoidal, the trig- 
ger pulse being generated at a time corresponding to a 
phase angle of the exciting waveform between 40° and 
90°. 

The apparatus may include synchronising means 
for generating a trigger signal synchronised with the trig- 
ger pulse and which occurs prior to the trigger pulse, for 
application to a trigger input of an oscilloscope arranged 
to monitor the partial discharge. 

The apparatus may also include adjustable delay 
means for adjusting the timing between the trigger pulse 
and the trigger signal. 

The apparatus may be adjustable to vary the am- 
plitude of the trigger pulse. 

Preferably, the circuit is also adjustable to vary the 
rise time of the trigger pulse. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block schematic diagram of 

prior art apparatus for monitoring 
partial discharge activity; 

Figure 2 is a simplified block schematic di- 

agram of apparatus according to 
the invention; 

Figure 3 is a schematic illustration of a typ- 

ical test waveform of the appara- 
tus of Figure 2; 

Figure 4 is a detailed schematic diagram of 

a trigger pulse circuit of the appa- 
ratus of Figure 2; and 

Figures 5 and 6 are waveform diagrams illustrat- 
ing the operation of the apparatus 
of Figures 2 and 4. 

DESCRIPTION OF AN EMBODIMENT 

Figure 2 is a simplified block diagram illustrating the 
apparatus of the invention. A variac 10 connected to an 



AC mains source provides a variable input voltage to 
the primary winding of a step-up transformer 12. The 
secondary winding of the transformer 12 is connected 
in series with a sample 14 to be tested, a measuring 
s impedance Z m and a partial discharge-free inductor L. 
Connected in parallel with the sample 14 and the meas- 
uring impedance Z m are a standard capacitor C 6 , an 
auxiliary impedance Z A and a coupling capacitor C c . An 
adjustable trigger pulse generating circuit 1 6 is connect- 
to ed across the coupling impedance and the coupling ca- 
pacitor and is arranged to inject trigger pulses into the 
measuring circuit. The inductor L prevents high f requen- 
cy trigger pulses from being fed back to the AC mains. 
While Figure 2 shows a specific embodiment, it 
15 should be noted that other circuit arrangements are pos- 
sible. The following aspects should be provided by such 
a circuit: 

a high-frequency by-pass path in parallel with the 
20 series circuit of measuring impedance and sample; 

an injection path for the trigger pulse, coupling at a 
relatively high frequency; 

2S filtering of the various frequencies of excitation into 
different paths; and 

a protective impedance or component to limit 
applied voltage reverse-injected into the trigger 
30 pulse generation circuit. 

The trigger pulse generating circuit 16 has an input 
which is connected to the AC mains and monitors the 
AC mains waveform, and is adjustable to generate trig- 

35 ger pulses of variable height at a predetermined time 
after zero crossings of the mains waveform. These puls- 
es are superimposed on a low frequency high voltage 
exciting waveform applied to the sample 14 by the 
measuring circuit. An oscilloscope 18 is connected to 

<o measure the voltage waveform across the measuring 
impedance Z m due to partial discharge activity, and is 
triggered by a synchronisation signal from the trigger 
pulse generator circuit 16. 

The effect of the circuit 16 is to superimpose a step 

45 or impulse waveform from the trigger pulse generating 
unit 16 onto the relatively low frequency sinusoidal (or 
otherwise time varying) exciting waveform applied to the 
sample 14. In the case of an exciting waveform derived 
from the AC mains supply, the exciting waveform will 

50 have a frequency of 50 or 60 Hz, with an amplitude of 
several kilovolts (typically up to about 4 000 volts on 
small samples) depending on the characteristics of the 
step-up transformer 12 and the setting of the variac 10. 
Of course, instead of obtaining the low frequency excit- 

55 ing waveform from the AC mains supply, a variable fre- 
quency signal generator can be used instead. Such a 
signal generator can be used to provide an exciting 
waveform of still lower frequency, typically in the range 
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0,1 Hz to 100 Hz. The low frequency exciting waveform 
with a trigger pulse superimposed thereon is shown 
schematically in Figure 3, which is not drawn to scale. 
The exciting waveform is indicated by the reference nu- 
meral 20, with the superimposed trigger pulse indicated 
by the reference numeral 22. 

The pulse duration is preferably of the order of sev- 
eral hundred nanoseconds. The amplitude of the pulse 
22 may vary widely, depending on the application. In 
some applications, the pulse 22 may have an amplitude 
of 40% or more of the amplitude of the exciting wave- 
form. The amplitude of the pulse 22 relative to that of 
the waveform 20 will often be fairly small, however, and 
may typically be in the region of 2 to 25%, and typically 
5 to 10% of the amplitude of the waveform 20. The pulse 
22 is generated a predetermined time t after the zero 
crossing of the exciting waveform 20, typically at a 
phase angle of the exciting waveform of between about 
40° and 90° after a zero crossing. The timing of the pulse 
22 will of course depend on the amplitude of the exciting 
waveform, which can be adjusted so that partial dis- 
charges are precipitated towards the peak of the excit- 
ing waveform. This prevents multiple discharges which 
might otherwise hinder measurements. The trigger 
pulse effectively applies a temporary relatively high ov- 
ervoltage to the voids in the sample 1 4 which are subject 
to partial discharges, thus accelerating the electrical 
breakdown of the voids. The void voltage/time break- 
down characteristic follows a high inverse power law, so 
that the rapid overvoltage introduced by the trigger pulse 
precipitates breakdown of the voids very quickly. This 
dramatically reduces the time jitter of the partial dis- 
charges, to the extent that the partial discharges occur 
practically simultaneously with the application of the trig- 
ger pulse. 

In the prior art measuring circuit of Figure 1 , the par- 
tial discharges will occur at an unpredictable time as the 
exciting waveform varies in amplitude, due to the break- 
down mechanism of partial discharges being statistical 
in nature. 

This timing jitter may typically be of the order of sev- 
eral hundred microseconds, while the partial discharge 
event may occur in a few nanoseconds. However, the 
circuit of the invention reduces this jitter significantly. 

The trigger pulse generating circuit 16 of Figure 2 
will now be discussed in greater detail, with reference 
to Figure 4 of the drawings. The embodiment of the in- 
vention illustrated in Figure 4 is configured for use with 
a measuring circuit which uses an exciting waveform de- 
rived from a 50 Hz AC mains supply. It will be understood 
that the circuit can readily be adapted for use with a var- 
iable frequency signal generator. 

A 50 Hz reference waveform is obtained from the 
secondary of a transformer TX1 which powers the circuit 
16, and applies it to a circuit 24 which generates a ref- 
erence pulse which is used to synchronise the 50 Hz 
exciting waveform with the high frequency trigger pulse. 
The 50 Hz waveform is fed to a squaring transistor T1 



which acts as a zero crossing comparator. The output 
of the transistor T1 is inverted by a Schmitt trigger U1a, 
the output of which is fed to a switch SW1 . The switch 
selects the output of the Schmitt trigger directly, or an 

5 inverted output via an inverter U2a, allowing an edge of 
desired polarity to be derived from either of the two zero 
crossing points per cycle of the mains waveform. The 
selected edge is converted to a short duration pulse by 
a monostable comprising a capacitor C2 and a Schmitt 

10 trigger U1b. 

The output of the reference pulse circuit 24 is fed to 
a timing circuit 26 which comprises a set of cascaded 
presettable down-counters U3, U4, U5 and U6. 

The counters are typically type 4522 CMOS devic- 
es es. The output pulse from the monostable is ted to the 
preset input of the set of down-counters. A pulse on the 
preset input forces all the counters to be preset to the 
count value selected on associated BCD-encoded 
thumb wheel switches SW2, SW3, SW4 and SW5. The 

20 count value corresponds to the number of microseconds 
delay which is desired, after the appropriate zero-cross- 
ing in the AC waveform, until the trigger pulse generat- 
ing circuitry is fired. The counters are connected so that 
an output is obtained only once a number of clock cycles 

25 equal to the preset value have elapsed since the occur- 
rence of the preset pulse. Since the counters are fed by 
a 1 MHz clock and are configured as a BCD counter, the 
value shown on the thumb wheel switches represents 
the decimal value of the number of microseconds of de- 

30 lay. The 1 MHz clock signal is obtained from a crystal- 
based square wave oscillator circuit 28. 

On the termination of the down-count of the timing 
circuit 26, an output pulse is generated, which is fed to 
a buffer circuit 30, which applies a synchronisation sig- 

3S nal to the trigger input of the oscilloscope 1 8. The output 
of the timing circuit is also fed to a delay circuit 32 which 
comprises an adjustable monostable built around a Sch- 
mitt trigger Ulc. This circuit has the effect of providing 
a "pre-trigger" facility for the oscilloscope, by delaying 

^o the generation of the trigger pulse for some few hundred 
nanoseconds to a few microseconds after the synchro- 
nising signal is applied to the trigger input of the oscil- 
loscope via the circuit 30. 

The delayed output from the delay circuit 32 is ap- 

45 plied to a buffer stage 34. A monostable based around 
a Schmitt trigger U1d in the delay circuit 32 ensures that 
the drive pulse generated by the buffer 34 lasts for only 
approximately 10 to 20 microseconds. 

The drive pulse is applied to a trigger pulse gener- 

50 ator circuit 36 which is based around a high voltage pow- 
er FET T4 which is used as a high speed switch. The 
FET T4 switches the output of a high voltage power sup- 
ply circuit 38 which generates an HT rail of approximate- 
ly 450 volts, which is then regulated by a power FET T5 

55 and associated components to provide an output volt- 
age which can be varied between zero and 450 volts. 

In the trigger pulse generator circuit 36, the gate of 
the FET T4 is pre-biased to just below conduction, and 
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the drive pulse from the buffer 34 is coupled to the gate 
via an adjustable impedance in the form of a potentiom- 
eter VR2. When the drive pulse is applied to the FET 
T4, it switches on at a speed dependent on the setting 
of the potentiometer VR2, allowing adjustment of the 5 
slope of the rising edge of the output trigger pulse. When 
the FET T4 is biased off, a tank capacitor C8 of relatively 
large value connected to the output of the high voltage 
power supply 38 will charge up a capacitor C9 via a re- 
sistor R31 to the output voltage of the power supply. 
When the drive pulse from the buffer 34 is received by 
the FET T4, it effectively discharges the capacitor C9 
into the measurement circuit. When the drive pulse is 
delivered by the buffer 34, the drain voltage of the FET 
T4 falls rapidly, thus injecting a pulse of the preselected 
voltage via the coupling capacitor C c to the sample 14. 
The magnitude of the output pulse is dependent on the 
voltage division ratio determined by the capacitors C9 
and C10 in the output circuit of the trigger pulse gener- 
ator circuit, together with any further division from the 
remainder of the measurement circuit components. The 
output pulse voltage is maintained until the drive pulse 
switches off, allowing the trigger pulse generator circuit 
to reset to its initial state. 

Figure 5 illustrates a typical trigger pulse generated 
by the circuit of Figure 4. The pulse has an amplitude of 
between 100 and 450 volts, with a rise time of approxi- 
mately 200 ns. The decay period x of the pulse is ap- 
proximately 1 |is. This period is dependent on the value 
of the inductor L in Figure 2 and other circuit capacitors 
and resistors. Figure 6 illustrates a typical CRT trace on 
the oscilloscope 16. The pulse of Figure 5 is superim- 
posed on the low frequency exciting waveform at 45° 
after the zero crossing, with a pre-trigger delay of ap- 
proximately 200 ns. The CRT trace shows a bump due 
to residual coupling of the trigger pulse, and shows high 
frequency pulses due to partial discharge activity over 
several cycles of the exciting waveform, spread over a 
period of less than 500 ns. Due to the relatively small 
"window" within which the partial discharge activity oc- 
curs, it is much easier to capture, digitise and store the 
partial discharge waveforms. Without the trigger pulse, 
the application of a low frequency exciting wavelorm of 
sufficient amplitude to cause partial discharges at ap- 
proximately 45° after a zero crossing would typically re- 
sult in a series of partial discharges spread over 1 ,5 ms, 
with a significant degree of jitter, which may be as high 
as 40°. 

So far, the invention has been described in connec- 
tion with the monitoring of partial discharge activity. For 
various reasons, it may be required that partial discharg- 
es be initiated reliably, even though direct monitoring of 
the partial discharge activity is not required. For exam- 
ple, it may be desired to precipitate partial discharge ac- 
tivity in a test cable for a predetermined period of time, 
in order to test the resistance of the cable insulation to 
deterioration under certain circumstances. In such ap- 
plications, the invention insures the reliable triggering of 



the partial discharges. 

Although the described invention is relatively simple 
in application, it provides a valuable solution to the prob- 
lems of measuring partial discharges in an effective and 
economical way. 



Claims 



io 1 . A method of monitoring partial discharge activity in 
an insulating medium comprising generating a time 
varying exciting waveform (20), and monitoring at 
least one parameter of a partial discharge, charac- 
terised by the steps of generating a trigger pulse 
15 (22) and superimposing the trigger pulse (22) on the 
exciting waveform (20), the trigger pulse (22) hav- 
ing a sufficiently great amplitude and a sufficiently 
fast rise time to initiate a partial discharge in the 
medium substantially simultaneously with the 
20 occurrence of the trigger pulse (22). 

2. A method according to claim 1 wherein the trigger 
pulse (22) has a short duration relative to the period 
of the exciting waveform (20). 

25 

3. A method according to claim 2 wherein the fre- 
quency of the exciting waveform (20) is in the range 
0,1 to 100 Hz. 

30 4. A method according to claim 2 or claim 3 wherein 
the duration of the trigger pulse (22) is less than 5 
MS. 

5. A method according to any one of the claims 1 to 4 
35 wherein the trigger pulse (22) is a step or impulse 

waveform. 

6. A method according to claim 5 wherein the rise time 
of the trigger pulse (22) is less than 500 ns. 

40 

7. A method according to any one of claims 1 to 6 
wherein the amplitude of the exciting waveform (20) 
is sufficiently great to precipitate partial discharge 
activity in a sample (14) independently of the trigger 

45 pulse (22), the trigger pulse (22) being initiated 
when the magnitude of the exciting waveform (20) 
approaches the nominal breakdown voltage of a 
partial discharge site. 

so 8. A method according to any one of claims 1 to 7 
wherein a trigger signal is synchronised with the 
trigger pulse (22) which occurs prior to the trigger 
pulse (22), and is applied to a trigger input ot an 
oscilloscope (18), and the partial discharge wave- 
55 form is monitored on the oscilloscope (18). 

9. A method according to claim 8 wherein the partial 
discharge waveform is digitised and stored. 
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10. A method according to any one of claims 1 to 9 
wherein at least one parameter of the partial dis- 
charge which is measured is its amplitude. 

11. Apparatus for monitoring a partial discharge in an 
insulating medium comprising a waveform genera- 
tor means (10,12,16) for applying a time varying 
exciting waveform (20) to a sample (14) of the 
medium characterised by the waveform generator 
means (10, 12, 16) further generating a trigger 
pulse (22) having a sufficiently great amplitude ad 
a sufficiently fast rise time to initiate a partial dis- 
charge in the sample (14), and coupling means (C c ) 
for superimposing the trigger pulse (22) on the 
exciting waveform (20) so that partial discharge 
activity is initiated in the medium substantially 
simultaneously with the occurrence of the trigger 
pulse (22). 

12. Apparatus according to claim 11 wherein the wave- 
form generator means (10,12,16) comprises a first 
waveform generator for generating a relatively low 
frequency exciting waveform (20), and a second 
waveform generator for generating the trigger pulse 
(22). 

13. Apparatus according to claim 12 wherein the first 
waveform generator comprises a transformer (12) 
connected to an AC mains source. 

14. Apparatus according to claim 12 wherein the first 
waveform generator comprises a variable fre- 
quency signal generator. 

15. Apparatus according to claim 14 wherein the signal 
generator is adapted to generate an exciting wave- 
form (20) having a frequency in the range 0. 1 to 1 00 
Hz. 

16. Apparatus according to any one of claims 12 to 15 
wherein the second waveform generator is adapted 
to generate a trigger pulse (22) having a duration of 
less than 5 [is. 

17. Apparatus according to any one of claims 12 to 16 
wherein the trigger pulse (22) is a step or impulse 
waveform. 

18. Apparatus according to claim 17 wherein the rise 
time of the trigger pulse (22) is less than 500 ns. 

19. Apparatus according to any one of claims 12 to 18 
wherein the amplitude of the trigger pulse (22) is 
between 2% and 40% of the amplitude of the excit- 
ing waveform (20). 

20. Apparatus according to claim 1 9 wherein the ampli- 
tude of the trigger pulse (22) is between 5% and 



25% of the amplitude of the exciting waveform (20). 

21. Apparatus according to any one of claims 12 to 20 
wherein the second waveform generator is adjust- 

5 able to generate the trigger pulse (22) a predeter- 
mined time after a zero crossing of the exciting 
waveform (20). 

22. Apparatus according to claim 21 wherein the excit- 
10 ing waveform (20) is sinusoidal and the trigger pulse 

(22) is generated at a time corresponding to a phase 
angle of the exciting waveform (20) between 40° 
and 90°. 

?5 23. Apparatus according to any one of claim 12 to 22 
wherein it includes synchronising means for gener- 
ating a trigger signal synchronised with the trigger 
pulse (22) and which occurs prior to the trigger 
pulse (22), for application to a trigger input of an 

20 oscilloscope (18) arranged to monitor the partial 
discharge. 

24. Apparatus according to claim 23 wherein it includes 
adjustable delay means (32) for adjusting the timing 

25 between the trigger pulse (22) and the trigger sig- 
nal. 

25. Apparatus according to any one of claims 12 to 24 
wherein the second waveform generator is adjust- 

30 able to vary the amplitude of the trigger pulse (22). 

26. Apparatus according to any one of claims 1 2 to 25 
wherein the second waveform generator is adjust- 
able to vary the rise time of the trigger pulse (22). 

35 

Patentanspruche 

1. Verfahren zur Uberwachung einer Teilentladungs- 
40 aktivitat in einem Isoliermedium, welches unfaGt 

Erzeugung einer zeitlich variierenden Anregungs- 
wellenform (20) und Uberwachen wenigstens eines 
Parameters einer Teilentladung, gekennzeichnet 
durch die Stufen der Erzeugung eines Triggerpul- 

45 ses (22) und einer Uberlagerung des Triggerpulses 
(22) mit der Anregungswellenform (20), wobei der 
Triggerpuls (22) eine ausreichend groGe Amplitude 
und eine ausreichend schnelle Anstiegszeit besitzt, 
urn eine Teilentladung in dem Medium im wesentli- 

50 chen gleichzeitig mit dem Auftreten des Triggerpul- 
ses (22) auszulosen. 

2. Verfahren nach Anspruch 1, bei dem der Trigger- 
puls (22) eine kurze Dauer relativ zu der Periode 

55 der Anregungswellenform (20) besitzt. 

3. Verfahren nach Anspruch 1, bei dem die Frequenz 
der Anregungswellenform (20) im Bereich von 0,1 
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bis 100 Hz liegt. 

4. Verfahren nach Anspruch 2 Oder Anspruch 3, bei 
dem die Dauer des Triggerpulses (22) weniger als 
5 us betragt. 

5. Verfahren nach einem der Anspruche 1 bis 4, bei 
dem der Triggerpuls (22) eine Stuf en- oder Pulswel- 
lentorm ist. 

6. Verfahren nach Anspruch 5, bei dem die Anstiegs- 
zeit des Triggerpulses (22) weniger als 15 ns 
betragt. 

7. Verfahren nach einem der Anspruche 1 bis 6, bei 
dem die Amplitude der Anregungswellenform (20) 
groB genug ist, um eine Te i lent lad ungsaktivitat in 
einer Probe (14) unabhangig von dem Triggerpuls 
(22) auszulosen, wobei der Triggerpuls (22) ausge- 
lost wird, wenn sich die GroBe der Anregungswel- 
lenform der nominalen Durchschlagspannung der 
Teilentladungsstelle nahert. 

8. Verfahren nach einem der Anspruche 1 bis 7, bei 
dem ein Triggersignal mit dem Triggerpuls (22) syn- 
chronisiert wird, welches vor dem Triggerpuls (22) 
auftritt und an einen Triggereingang eines Oszillos- 
kops (18) angelegt wird, und bei dem die Teilentla- 
dungswellenform auf dem Oszilloskop (18) aufge- 
zeichnet wird. 

9. Verfahren nach Anspruch 8, bei dem die Teilentla- 
dungswellenform digitalisiert und gespeichert wird. 

10. Verfahren nach einem der Anspruche 1 bis 9, bei 
dem wenigstens ein Parameter der Teilentladung, 
der gemessen wird, eine Amplitude ist. 

11. Gerat zur Uberwachung einer Teilentladung in 
einem Isoliermedium, welches umfaBt ein Wellen- 
form-Generatormittel (10, 12, 16) zur Anwendung 
einer zeitlich variierenden Anregungswellenform 
(20) auf eine Probe (14) des Mediums, gekenn- 
zeichnet durch das Wellenform-Generatormittel 
(10, 12, 16), das auBerdem einen Triggerpuls (22) 
erzeugt, der eine ausreichend groBe Amplitude und 
eine ausreichend schnelle Anstiegszeit besitzt, um 
eine Teilentladung in der Probe (14) auszulosen, 
und Kopplungsmittel (C c ) zur Uberlagerung des 
Triggerpulses (22) auf die Anregungswellenform 
(20), so daft die Teilentladungsaktivitat in dem 
Medium im wesentlichen gleichzeitig mit dem Auf- 
treten des Triggerpulses 122) ausgelost wird. 

12. Gerat nach Anspruch 1, worin das Wellenform- 
Generatormittel (10, 12, 16) einen ersten Wellen- 
formgenerator zur Erzeugung einer relativ nieder- 
frequenten Anregungswellenform (20) und einen 



zweiten Anregungswellenformgenerator zur Erzeu- 
gung des Triggerpulses (22) umfaBt. 

13. Gerat nach Anspruch 12, worin der erste Wetlen- 
5 formgenerator einen Transformator (12), der an 

eine Wechselstromquelle angeschlossen ist, 
umfaBt. 

14. Gerat nach Anspruch 12, worin der erste Wellen- 
io formgenerator einen Generator fur Signale mit 

variabler Frequenz umfaBt. 

1 5. Gerat nach Anspruch 1 4, worin der Signalgenerator 
geeignet ist, um eine Anregungswellenform (20) zu 

is erzeugen, die eine Frequenz im Bereich von 0, 1 bis 
100 Hz besitzt. 

16. Gerat nach einem der Anspruche 12 bis 15, worin 
der zweite Wellenformgenerator geeignet ist, um 

20 einen Triggerpuls (22) zu erzeugen, der eine Dauer 
von weniger als 5 \xs besitzt. 

17. Gerat nach einem der Anspruche 12 bis 16, worin 
der Triggerpuls (22) eine Stufen- oder Pulswellen- 

25 form ist. 

1 8. Gerat nach Anspruch 17, worin die Anstiegszeit des 
Triggerpulses (22) geringer ist als 500 ns. 

30 19. Gerat nach einem der Anspruche 12 bis 18, worin 
die Amplitude des Triggerpulses (22) zwischen 2 % 
und 40 % der Amplitude der existierenden Wellen- 
form (20) betragt. 

35 20. Gerat nach Anspruch 1 9, worin die Amplitude des 
Triggerpulses (22) zwischen 5 % und 25 % der 
Amplitude der existierenden Wellenform (20) 
betragt. 

40 21. Gerat nach einem der Anspruche 12 bis 20, worin 
der zweiten Wellenformgenerator einstellbar ist, so 
daB er den Triggerpuls (22) eine zuvor bestimmte 
Zeit nach einem Nulldurchgang der existierenden 
Wellenform (20) erzeugt. 

45 

22. Gerat nach Anspruch 21 , worin die existierende 
wellenform (20) sinusformig ist und der Triggerpuls 
(22) zu einer Zeit erzeugt wird, die einem Phasen- 
winkel der existierenden Wellenform zwischen 40° 

50 und 90° entspricht. 

23. Gerat nach einem der Anspruche 12 bis 22, worin 
es ein Synchronisationsmittel zur Erzeugung eines 
Triggersignals umfaBt, welches mit dem Trigger- 

55 puis (22) synchronisiert ist und das vor dem Trig- 
gerpuls (22) auftritt, zur Anwendung an einem Trig- 
gereingang eines Oszilloskops (18), das zur Uber- 
wachung der Teilentladung angebracht worden ist. 
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I'impulsion de declenchement (22). I'impulsion de 
declenchement (22) etant declenchee lorsque 
Pamplitude de la forme d'onde d'excitation (20) 
s'approche de la tension de claquage nominate d'un 
5 site de decharge partielle. 

8. Un procede selon Tune quelconque des revendica- 
tions 1 a 7, dans lequel un signal de declenchement 
qui apparaTt avant I'impulsion de declenchement 

70 (22) est synchronise avec I'impulsion de declenche- 
ment (22), et il est applique a une entree de declen- 
chement d'un oscilloscope (18), et la forme d'onde 
de decharge partielle est contrdlee sur I'oscillos- 
cope (18). 

15 

9. Un procede selon la revendication 8, dans lequel la 
forme d'onde de decharge partielle est numerisee 
et enregistree. 



24. Gerat nach Anspruch 23, worin es einstellbare Ver- 
zogerungsmrttel (32) zum Einstellen der Zeitkon- 
trolle zwischen TriggerpOls (22) und Triggersignal 
umfaBt. 

25. Gerat nach einem der Anspruche 12 bis 24, worin 
der zweite Wellenformgenerator einstellbar ist, urn 
die Amplitude des Triggerpuises (22) zu variieren. 

26. Gerat nach einem der Anspruche 12 bis 25, worin 
der zweite Wellenformgenerator einstellbar ist, urn 
den Zeitanstieg des Triggerpuises (22) zu variieren. 



Revendlcations 

1. Un procede de contrdle d'une activite de decharge 
partielle dans un milieu isolant, dans lequel on pro- 
duit une forme d'onde d'excitation (20) qui varie 
dans le temps, et on contrdle au moins un parame- 
tre d'une decharge partielle, caracterise par les eta- 
pes suivantes : on produit une impulsion de declen- 
chement (22) et on superpose I'impulsion de 
declenchement (22) sur la forme d'onde d'excitation 
(20), I'impulsion de declenchement (22) ayant une 
amplitude suffisamment elevee et un temps de 
montee suffisamment court pour declencher une 
decharge partielle dans ie milieu, de facon pratique- 
ment simultanee a I'apparition de I'impulsion de 
declenchement (22). 

2. Un procede selon la revendication 1, dans lequel 
rimpulsion de declenchement (22) a une duree 
courte par rapport a la periode de la forme d'onde 
d'excitation (20). 

3. Un procede selon la revendication 2, dans lequel la 
frequence de la lorme d'onde d'excitation (20) est 
dans la gamme de 0,1 a 100 Hz. 

4. Un procede selon la revendication 2 ou la revendi- 
cation 3, dans lequel la duree de I'impulsion de 
declenchement (22) est inferieure a 5 jis. 

5. Un procede selon Tune quelconque des revendica- 
tions 1 a 4, dans lequel I'impulsion de declenche- 
ment (22) est une forme d'onde impulsionnelle ou 
en echelon. 

6. Un procede selon la revendication 5, dans lequel le 
temps de montee de I'impulsion de declenchement 
(22) est inferieur a 500 ns. 

7. Un procede selon Tune quelconque des revendica- 
tions 1 a 6, dans lequel I'amplitude de la forme 
d'onde d'excitation (20) est suffisamment grande 
pour occasionner une activite de decharge partielle 
dans un echantillon (14) independamment de 



20 10. Un procede selon Tune quelconque des revendica- 
tions 1 a 9, dans lequel au moins un parametre de 
la decharge partielle qui est mesure est son ampli- 
tude. 

2$ 11. Dispositif pour controler une decharge partielle 
dans un milieu isolant, comprenant des moyens 
generateurs de forme d'onde (10, 12, 16) pour 
appliquer a un echantillon (14) du milieu une forme 
d'onde d'excitation (20) qui varie dans le temps, 

30 caracterise en ce que les moyens de generation de 
forme d'onde (10, 12, 16) produisent en outre une 
impulsion de declenchement (22) ayant une ampli- 
tude suffisamment grande et un temps de montee 
suffisamment court pour declencher une decharge 

35 partielle dans I'echantillon (14), et des moyens de 
couplage (C c ) pour superposer I'impulsion de 
declenchement (22) sur la forme d'onde d'excitation 
(20), de facon qu'une activite de decharge partielle 
sort declenchee dans le milieu de facon pratique- 

40 ment simultanee a I'apparition de I'impulsion de 
declenchement (22). 

12. Dispositif selon la revendication 11 , dans lequel les 
moyens de generation de forme d'onde (10, 12, 16) 

45 comprennent un premier generateur de forme 
d'onde qui est destine a produire une forme d'onde 
d'excitation (20) de frequence relativement basse, 
et un second generateur de forme d'onde qui est 
destine a produire rimpulsion de declenchement 
so (22). 

13. Dispositif selon la revendication 12, dans lequel le 
premier generateur de forme d'onde comprend un 
transformateur (12) connecte a une source d'ener- 

ss gie alternative telle que le secteur. 

14. Dispositif selon la revendication 12, dans lequel le 
premier generateur de forme d'onde consiste en un 
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g6n6rateur de signal a frequence variable. 

15. Dispositif selon la revendication 14, dans lequel le 
g6nerateur de signal est con9u pour produire une 
forme d'onde d'excitation (20) ayant une frequence 5 
dans la gamme de 0,1 a 100 Hz. 

16. Dispositif selon Tune quelconque des revendica- 
tions 12 a 15, dans lequel le second generateur de 
forme d'onde est concu pour produire une impulsion 10 
de declenchement (22) ayant une duree inferieure 

a 5 jis. 

17. Dispositif selon Tune quelconque des revendica- 
tions 1 2 a 1 6, dans lequel I'impulsion de declenche- ?5 
ment (22) est une forme d'onde impulsionnelle ou 

en echelon. 



I'intervalle de temps entre I'impulsion de declenche- 
ment (22) et le signal de declenchement. 

25. Dispositif selon I'une quelconque des revendica- 
tions 12 a 24, dans lequel le second generateur de 
forme d'onde est reliable pour faire varier I'ampli- 
tude de I'impulsion de declenchement (22). 

26. Dispositif selon I'une quelconque des revendica- 
tions 12 a 25, dans lequel le second generateur de 
forme d'onde est reglable pour faire varier le temps 
de montee de I'impulsion de declenchement (22). 



w 



18. Dispositif selon la revendication 17, dans lequel le 
temps de montee de I'impulsion de declenchement 20 
(22) est inferieur a 500 ns. 

19. Dispositif selon I'une quelconque des revendica- 
tions 12a IB, dans lequel I'amplitudede I'impulsion 

de declenchement (22) est comprise entre 2 % et 2s 
40 % de I'amplitude de la forme d'onde d'excitation 
(20). 



20. Dispositif selon la revendication 19, dans lequel 
I'amplitude de I'impulsion de declenchement (22) 30 
est comprise entre 5 % et 25 % de I'amplitude de la 
forme d'onde d'excitation (20). 



21. Dispositif selon Tune quelconque des revendica- 
tions 1 2 a 20, dans lequel le second g6n6rateur de 35 
forme d'onde est reglable pour produire I'impulsion 

de declenchement (22) au bout d'un intervalle de 
temps predetermine apres un passage par z£ro de 
la forme d'onde d'excitation (20). 

40 

22. Dispositif selon la revendication 21, dans lequel la 
forme d'onde d'excitation (20) est sinusoTdale et 
I'impulsion de declenchement (22) est produite a un 
instant qui correspond a un angle de phase de la 
forme d'onde d'excitation (20) qui est compris entre 45 
40* et 90°. 



23. Dispositif selon I'une quelconque des revendica- 
tions 1 2 a 22, comprenant des moyens de synchro- 
nisation pour produire un signal de declenchement so 
synchronise avec I'impulsion de declenchement 
(22), et qui apparaTt avant I'impulsion de declenche- 
ment (22), pour I'application a une entree de declen- 
chement d'un oscilloscope (16) destine a controler 

la d6charge partietle. 55 

24. Dispositif selon la revendication 23, comprenant 
des moyens de retard reglables (32) pour r6g!er 
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